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Background: There is a need for short, specific instruments that assess quality of life (QOL) adequately in the older
adult population. The aims of the present study were to obtain evidence on the validity of the inferences that
could be drawn from an instrument to measure QOL in the aging population (people 50+ years old), and to test its
psychometric properties.
Methods: The instrument, WHOQOL-AGE, comprised 13 positive items, assessed on a five-point rating scale, and
was administered to nationally representative samples (n = 9987) from Finland, Poland, and Spain. Cronbach’s alpha
was employed to assess internal consistency reliability, whereas the validity of the questionnaire was assessed by
means of factor analysis, graded response model, Pearson’s correlation coefficient and unpaired t-test. Normative
values were calculated across countries and for different age groups.
Results: The satisfactory goodness-of-fit indices confirmed that the factorial structure of WHOQOL-AGE comprises
two first-order factors. Cronbach’s alpha was 0.88 for factor 1, and 0.84 for factor 2. Evidence supporting a global
score was found with a second-order factor model, according to the goodness-of-fit indices: CFI = 0.93, TLI = 0.91,
RMSEA = 0.073. Convergent validity was estimated at r = 0.75 and adequate discriminant validity was also found.
Significant differences were found between healthy individuals (74.19 ± 13.21) and individuals with at least one
chronic condition (64.29 ± 16.29), supporting adequate known-groups validity.
Conclusions: WHOQOL-AGE has shown good psychometric properties in Finland, Poland, and Spain. Therefore,
considerable support is provided to using the WHOQOL-AGE to measure QOL in older adults in these countries,
and to compare the QOL of older and younger adults.Background
The World Health Organization Quality of Life Assess-
ment (WHOQOL) is an instrument to measure quality of
life (QOL). It has been simultaneously developed in differ-
ent cultures and languages in order to make it applicable
across cultures [1]. There are some areas of QOL that may
be more relevant for older adults; therefore, specific in-
struments that assess QOL adequately in the older adult
population are needed [2]. The present study aimed to
validate an instrument, the WHOQOL-AGE, built upon
previous WHOQOL instruments, which is relatively short
to use, e.g., in large-scale population studies or in busy* Correspondence: joseluis.ayuso@uam.es
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reproduction in any medium, provided the orclinical settings; use this instrument to measure QOL in
an aging population; and test its psychometric properties
in terms of its validity and reliability.
Several versions of the WHOQOL instruments have
been shown to have good psychometric properties in
terms of reliability, validity and sensitivity to change in
different population groups. WHOQOL-100 is a reliable
and valid measure of QOL for use in a diverse range of
cultures [1] which consists of 24 facets grouped into
six domains, whereas WHOQOL-BREF is a reduced
26-item version comprising four domains: physical, psy-
chological, social and environment [3]. The EUROHIS-
QOL eight-item index [4] is a brief questionnaire based on
WHOQOL-100 and WHOQOL-BREF. It has shown good
cross-cultural performance in ten European countries, as
well as satisfactory convergent and discriminant validity.al Ltd. This is an open access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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instruments to measure QOL in the elderly, such as the
Elderly Quality of Life Index (EQOLI) [5] and the Quality
of Life Scale for Elderly (QOLS-E) [6], have been devel-
oped. EQOLI was developed in Brazil to monitor longi-
tudinal change in QOL, as well as to evaluate the
impact on QOL of behavior, intervention, and treat-
ment. The instrument comprises eight domains and 43
items [7]. The QOLS-E was developed and validated in
a sample of the institutionalized population in Japan,
and showed an adequate factor structure, although its
reliability was not very high [6].
The WHOQOL-OLD is a supplementary module for
the WHOQOL for use with older adults, developed using
the WHOQOL methodology, in which a simultaneous
approach to instrument development is employed in
different cultures [2]. Recently, short versions of WHOQOL-
OLD have also been developed [8]. Since WHOQOL-OLD
needs to be administered together with WHOQOL-BREF,
its administration, even when using the short versions of
WHOQOL-OLD, requires a long time. Consequently,
there is still a need to identify a parsimonious set of items
to evaluate QOL in older adults in the general population
that can be administered when time is at a premium, e.g.
in population-based or clinical studies when other add-
itional data need to be collected, depending on the pri-
mary purpose of the study. WHOQOL-AGE is attempting
to cover this need, since it is a short instrument, designed
to be administered in general population studies, which
covers the areas of QOL that are specific to older adults.
WHOQOL-AGE has been designed specifically for the
aging population, but in order to understand the transition
of aging, it is also important to be able to compare the
QOL of the aging population with younger people. The
validation process of WHOQOL-AGE will, therefore, be
carried out in the aging population and in the population
aged 18–49 years, in order to make sure that the instru-
ment also allows comparisons with younger populations.
Methods
Design and procedure
The “Collaborative Research on Ageing in Europe
(COURAGE in Europe)” is an observational, cross-
sectional study of the general non-institutionalized
adult population reached though household interviews.
The sample is representative of three European coun-
tries (Finland, Poland, and Spain), which were selected
to give a broad representation across different geo-
graphical European regions, taking into consideration
their population and health characteristics.
Face-to-face interviews using Computer-Assisted Personal
Interviewing (CAPI) were carried out at the respondents’
homes. All of the interviewers participated in a training
course for the administration of the survey. A total of18 trainers from the three countries (six from Finland,
eight from Poland, and four from Spain) attended a
central five-day training in English, and they then
trained the local interviewers of each country in the
local languages (Finnish, Polish, and Spanish). The
number of interviewers in the local trainings ranged
from 14 in Finland to 55 in Poland. The surveys were
conducted in 2011–2012.Sample
A multi-stage clustered design was used to obtain na-
tionally representative samples. A probability propor-
tion to size design was used to select clusters. In Poland
and Spain, an enumeration of existing households was
carried out within each cluster to obtain an accurate
measurement of size. In Finland, systematic sampling of
individuals within each cluster was applied.
Initially, 10 800 respondents were recruited (1976 from
Finland, 4071 from Poland, and 4753 from Spain). As in
many other aging studies, such as SHARE [9], HRS [10],
ELSA [11], TILDA [12], MHAS [13] or SAGE [14], people
50+ years old were evaluated in order to understand the
transition of aging. Furthermore a group of subjects who
were 18–49 was also included in order to make compari-
sons between younger and older people. A split technique
was used to divide the overall sample into two groups: de-
velopmental and validation. 70% (n = 7560) was randomly
assigned to the developmental sample, and the remaining
30% (n = 3240) to the validation sample, considering a
similar proportion of respondents by country in each sam-
ple. The developmental sample was used to analyze the
factorial structure of the WHOQOL-AGE by means of ex-
ploratory factor analysis, whereas the validation sample
was used to assess the reliability and validity of the scale,
using confirmatory factor analysis techniques and item re-
sponse theory methods. The individual response rate was
53.4% for Finland, 66.5% for Poland, and 69.9% for Spain.
If a participant was cognitively impaired and not able to
respond to the interview, a proxy was asked some ques-
tions about the participant’s health. For the purposes of
the present analyses, these participants were not included.Measures
Items from WHOQOL-AGE were derived as an adapta-
tion from the EUROHIS-QOL eight-item index [4] and
from the WHOQOL-OLD short form version 1, which
comprises six items [8]. A pilot study was carried out in
2010 in the three countries, and based on the feedback
from the interviewers and on the preliminary analyses,
one question from WHOQOL-OLD was deleted (How
concerned are you about how your life will end?) and
some wording was changed. Thus, the new instrument,
WHOQOL-AGE, comprises 13 positive items (eight
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OLD), assessed on a five-point rating scale.
Furthermore, participants answered questions regarding
their overall satisfaction with life, net affect, and presence
of chronic conditions. These measures were used, re-
spectively, to evaluate convergent, discriminant, and
known-groups validity.
To evaluate overall satisfaction with life (SWL), respon-
dents were asked: Taking all things together, how satisfied
are you with your life as a whole these days?, ranking their
answer on a scale ranging from 1 = very dissatisfied, to
5 = very satisfied.
Net affect was assessed with an abbreviated version of
the Day Reconstruction Method [15], designed to be used
in general population surveys. Participants reconstructed
a portion of their previous day’s activities and responded
to questions about each episode, including what they
were doing and the extent to which they experienced
various feelings on a scale ranging from 0 (not at all) to
6 (very much), with the remaining points unlabelled
[16,17]. Individual net affect was calculated by averaging
two positive emotions (calm/relaxed and enjoying) minus
five negative ones (worried, rushed, irritated/angry, de-
pressed, and tense/stressed), weighting by activity duration.
Net affect scores ranged from −6 to 6, with higher scores
representing a better affective state.
Participants were also asked questions concerning their
sociodemographic characteristics, and the presence of five
chronic conditions (depression, arthritis, angina, diabetes,
and asthma) during the previous 12 months was assessed.
Individuals were considered to have the condition when
they had been diagnosed with the condition and had been
taking medication or other treatment during the previous
12 months, or when they reported the presence of the
core symptoms of the condition during the previous
12 months.
The questions that had not been previously translated and
validated in the local languages were translated from English
into Finnish, Polish, and Spanish, following the World Health
Organization translation guidelines for assessment instru-
ments, which included a forward translation, a targeted
back-translation, review by a bilingual expert group, and
a detailed report on the translation process. The study
was approved by the Bioethical Committee, Jagiellonian
University, Krakow, Poland; Ethics Review Committee,
Parc Sanitari Sant Joan de Déu, Barcelona, Spain; Ethics
Review Committee, La Princesa University Hospital, Madrid,
Spain; and the Ethics Review Committee, National Public
Health Institute, Helsinki, Finland. Written information
consent from each participant was also obtained.
Statistical analysis
Participants who did not complete the interview and did
not respond to the QOL section were excluded, as wereparticipants who responded to the QOL section but did
not respond to one or more items of WHOQOL-AGE.
Frequency analysis and descriptive statistics were used
to analyze the demographic characteristics of the devel-
opmental and validation samples, after excluding missing
values. Differences in proportions and scores between
both samples were analyzed using Chi-square tests and
unpaired t-tests.Developmental sample
An Exploratory Factor Analysis (EFA) using a polychoric
correlation matrix was conducted on the developmental
sample to detect the latent structure among WHOQOL-
AGE items. Velicer’s Minimum Average Partial (MAP)
test [18] was employed to select the number of factors
to extract. Geomin rotation for correlated factors was
used and each item was associated with the factor in
which it had the highest loading. The EFA was carried
out separately on people less than and more than
50 years old. In order to assess the factorial equivalence
between the two populations, the factor congruence co-
efficient [19] was calculated, which measures the degree
of similarity between factor structures obtained in two
independent samples. Interpretation of this coefficient
is similar to the Pearson’s product moment correlation.
A value of 0.90 is typically considered necessary to sug-
gest factor congruence [20].Validation sample
A Confirmatory Factor Analysis (CFA), using maximum
likelihood estimation with robust standard errors (MLR
estimation), was used to assess how well the data fit the
theoretical model and therefore to confirm the factorial
structure suggested by the EFA carried out on the devel-
opmental sample. Goodness-of-fit of the model was evalu-
ated according to the standard recommendations [21,22].
Values of the Comparative Fit Index (CFI) and Tucker-
Lewis Index (TLI) above 0.90 were considered to repre-
sent an adequate fit; values of Root Mean Square Error of
Approximation (RMSEA) less than 0.08 indicated a good
fit [23]. χ2 test of goodness-of-fit was not reported. Since
the χ2 statistic is sensitive to sample size [24], the χ2 values
might be inflated (statistically significant) due to the large
size of the sample, which might erroneously imply a poor
data-to-model fit [25]. Burnham and Anderson [26] noted
that model goodness-of-fit based on statistical tests be-
comes irrelevant with large sample sizes. One common as-
sumption in these models is that a parameter is equal to a
given value, often zero (e.g. saying there is no direct rela-
tionship between two variables). Modification indices were
employed to evaluate how reasonable these assumptions
are, by observing what happens when these assumptions
are relaxed.
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assessed by means of the Bayesian Information Criterion
(BIC) proposed by Schwarz [27], which is asymptotically
consistent with large sample sizes. Information criteria
are entropy-based measures of the goodness-of-fit of a
statistical model. They can be applied to models with pa-
rameters estimated using maximum likelihood methods.
In the case of factor analysis, the aim is to create a factor
model that balances complexity (number of factors) with
the amount of variance explained. The definition of the
information criteria implies that a smaller value indicates
a better model.
Since the item responses are polytomous and ordered,
a Graded Response Model (GRM) was employed for
each of the factors obtained [28]. In the GRM, the values
of the discrimination parameter and the item informa-
tion function were estimated for each item. The discrim-
ination parameter represents the ability of an item to
discriminate between people with different levels of an
underlying trait; and the total information was calculated
by adding up the item information values—the greater
the value, the more contribution to the measure of the
factor.
In order to find evidence for the use of a global score on
the WHOQOL-AGE, a second-order confirmatory factor
analysis was applied to test the accuracy of a model with a
second-order factor comprising the first-order factors
obtained previously by means of exploratory and con-
firmatory factor analyses. If there is only one second-order
factor, then there must be at least three first-order factors
if the model is to be identified [29]. To solve under-
identification problems, the first-order factor variance was
fixed to 1, and the mean and the variance of the second-
order factor were fixed to 0 and 1, respectively.
The internal consistency reliability was assessed by
means of Cronbach’s alpha. As suggested by Bland &
Altman [30], a Cronbach’s alpha of 0.70 or higher was
considered to indicate adequate reliability. Convergent
validity was evaluated by the correlation between the
SWL item and the global WHOQOL-AGE score. Discrim-
inant validity was evaluated by means of Pearson’s correl-
ation coefficient between the WHOQOL-AGE score and
the net affect score. The method described by Raykov [31]
was used to test whether the discriminant validity coeffi-
cient was sufficiently lower than the convergent validity
coefficient, a condition posited by Campbell & Fiske [32]
as evidence supporting construct validity. In order to
assess the known-groups validity of the questionnaire, the
WHOQOL-AGE score was compared for healthy and
non-healthy populations. Participants were defined as
healthy if they did not present any of the chronic condi-
tions assessed (depression, arthritis, angina, asthma, and
diabetes), whereas they were defined as non-healthy if they
had at least one of those chronic conditions. Mean scoreswere compared by means of unpaired t-tests, and the
magnitude of the difference was measured by Hedges’ g
effect size coefficient. The results obtained in terms of
reliability and validity for the WHOQOL-AGE were
compared with those obtained using the EUROHIS-QOL,
and the five items from the WHOQOL-OLD short form
version 1 that were included in the WHOQOL-AGE
questionnaire.
Normative values, including main percentiles of the
distribution of WHOQOL-AGE scores, were calculated
across countries and for different age groups: 18–29,
30–39, 40–49, 50–59, 60–69, 70–79, 80–89, and 90+
years. The data to obtain the normative values were
weighted to account for the sampling design in order to
generalize the results to the population in each country.
Finally, the cumulative distribution of WHOQOL-AGE
scores by country was presented across the population
aged 18–49 years and the population aged 50 and over.
Analyses corresponding to GRM were carried out using
the ltm package [33] in R [34]. Mplus version 6 [35] was
employed for factor analysis modeling. The rest of the
analyses were performed using Stata version 11 [36].Results
The final sample used comprised 9987 participants. Sig-
nificant differences between the included and the excluded
sample were found for age (58.10 ± 16.70 years for the
included sample vs. 71.83 ± 16.29 years for the excluded
sample, t(10 755) = −22.02, p < 0.001, Hedges’ g = 0.82), sex
(56.7% females in the included sample vs. 64.7% females in
the excluded sample, χ2(1) = 18.43, p < 0.001, Cramer’s
V = 0.04), years of education (11.47 ± 5.17 vs. 8.62 ±
6.53, t(10 427) = 11.45, p < 0.001, Hedges’ g = 0.54), and
marital status (60.3% married or in partnership in the
included sample vs. 37.7% married or in partnership in
the excluded sample, χ2(1) = 151.21, p < 0.001, Cramer’s
V = 0.12); differences were not found regarding residential
setting. Percentages by countries were, in the included
population, 18.5% from Finland, 39.5% from Poland, and
42.1% from Spain; and in the excluded population, 16.1%
from Finland, 16.1% from Poland, and 67.8% from Spain.
Differences in association between country and included/
excluded were significant (χ2(2) = 223.74, p < 0.001), al-
though with moderate effect size (Cramer’s V = 0.14).
The sample was randomly split into a developmental
sample (n = 6993) and a validation sample (n = 2994). In
order to confirm that both subsamples were representa-
tive of the initial sample, the demographic characteristics
of both populations were compared. Sociodemographic
characteristics of these samples are shown in Table 1.
Significant differences were not found between the de-
velopmental and the validation samples regarding the
main sociodemographic characteristics.
Table 1 Sociodemographic characteristics and total EUROHIS-QOL scores in the developmental and validation samples
Variable
Sample (n)
t/Chi-square p-value
Developmental (6993) Validation (2994)
≥ 50 years: n (%) 5285 (75.6) 2280 (76.2) 0.38 0.54
Female: n (%) 3978 (56.9) 1688 (56.4) 0.22 0.64
Country
Finland 1260 (18.0) 585 (19.5)
3.70 0.16Poland 2760 (39.5) 1180 (39.4)
Spain 2973 (42.5) 1229 (41.0)
Rural setting: n (%) 1879 (26.9) 789 (26.4) 0.29 0.59
Currently employed: n (%) 2521 (36.1) 1045 (34.9) 1.20 0.27
Married or in partnership: n (%) 4252 (60.8) 1771 (59.2) 2.39 0.12
Years of education, mean ± S.D. 11.47 ± 5.11 11.48 ± 5.29 −0.05 0.96
EUROHIS-QOL score, mean ± S.D. 71.20 ± 15.52 70.77 ± 15.78 1.24 0.22
Unpaired t test for years of education and EUROHIS-QOL score; Chi-square test for the other variables.
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In the developmental sample, the Velicer MAP criterion
achieved the minimum value for the solution comprising
two factors. The two-factor solution explained 62.8% of
the total variance for people aged 18–49 years old, and
65% of the total variance for those aged 50+. In Table 2,
factor loading estimates after Geomin rotation are shown
for both age groups. Items Q2-Q8 loaded on the first fac-
tor, whereas items Q9-Q13 loaded on the second factor.
Item Q1 presented a similar loading on the first and the
second factors, and was considered as belonging to bothTable 2 Two-factor solution corresponding to EFA conducted
estimates after Geomin rotation
Q1 How would you rate your quality of life?
Q2. How satisfied are you with your hearing, vision or other senses ove
Q3. How satisfied are you with your health?
Q4. How satisfied are you with yourself?
Q5. How satisfied are you with your ability to perform your daily living activities
Q6. How satisfied are you with your personal relationships?
Q7. How satisfied are you with the conditions of your living place (your home)?
Q8. How satisfied are you with the way you use your time?
Q9. Do you have enough energy for everyday life?
Q10. How much control do you have over the things you like to do?
Q11. To what extent are you satisfied with your opportunities to contin
achieving in life?
Q12. Do you have enough money to meet your needs?
Q13. How satisfied are you with your intimate relationships in your life
In bold, items from WHOQOL-OLD short form version 1, in italics, items from EURO
very bad to very good for Q1, from very dissatisfied to very satisfied for Q2 to Q8, from
amount for Q13.factors. A similar factor structure was found between both
samples, with Tucker’s congruence coefficient being 0.98
for the first factor and 0.96 for the second factor.
Confirmatory factor analysis (CFA)
A CFA was carried out on the validation sample in order
to assess the suitability of the factor model proposed, com-
prising two correlated factors. Due to the similar factor
structure found in the EFA in both age groups, the CFA
was conducted over the pooled sample. One of the two
factors loaded on items Q1, Q2, Q3, Q4, Q5, Q6, Q7, andon the developmental sample (n = 6993): factor loading
People 18–49 years old
(n = 1708)
People 50+ years old
(n = 5285)
Factor 1
loadings (s.e.)
Factor 2
loadings (s.e.)
Factor 1
loadings (s.e.)
Factor 2
loadings (s.e.)
0.284 (0.031) 0.358 (0.031) 0.354 (0.018) 0.319 (0.019)
rall? 0.766 (0.025) −0.065 (0.032) 0.570 (0.017) 0.138 (0.020)
0.911 (0.021) −0.095 (0.028) 0.732 (0.016) 0.164 (0.020)
0.833 (0.021) 0.065 (0.028) 0.880 (0.011) −0.016 (0.015)
? 0.894 (0.007) −0.002 (0.002) 0.724 (0.014) 0.210 (0.018)
0.758 (0.025) 0.100 (0.032) 0.869 (0.012) −0.028 (0.017)
0.563 (0.029) 0.135 (0.035) 0.639 (0.010) −0.005 (0.008)
0.617 (0.028) 0.149 (0.034) 0.750 (0.013) 0.043 (0.017)
0.209 (0.027) 0.645 (0.025) 0.088 (0.014) 0.809 (0.011)
−0.009 (0.006) 0.868 (0.012) −0.066 (0.015) 0.956 (0.011)
ue 0.055 (0.029) 0.785 (0.025) 0.001 (0.001) 0.869 (0.004)
−0.015 (0.031) 0.587 (0.029) 0.028 (0.017) 0.589 (0.015)
? 0.247 (0.033) 0.383 (0.033) 0.228 (0.017) 0.436 (0.017)
HIS-QOL. All the response options use a five-point rating scale, ranging from
not at all to completely for Q9 to Q12, and from not at all to an extreme
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Q12, and Q13. Goodness-of-fit indices associated with the
two-factor solution were: CFI = 0.90, TLI = 0.87, RMSEA=
0.085 [90% CI = (0.081, 0.089)], BIC = 82176.77. On the
other hand, an alternative comprising only one factor
showed a poor fit: CFI = 0.81, TLI = 0.78, RMSEA = 0.113
[90% CI = (0.110, 0.117)], BIC = 83890.45. According to
model modification indices, the fit for the two-factor solu-
tion was improved by allowing error covariance between
items Q3 and Q5 to covary with the first factor (revised
model: CFI = 0.92, TLI = 0.90, RMSEA = 0.077 [90% CI =
(0.073, 0.080)], BIC = 81794.16). This improvement in
fit demonstrated that the two-factor model fitted the
data, but it also showed the strong relationship between
satisfaction with health and satisfaction with the ability
to perform daily living activities. The standardized fac-
tor loadings for all items were positive and significant,
ranging from 0.35 to 0.83 for the first factor, and from
0.30 to 0.83 for the second one. Correlation between
factors was 0.75 [95% CI = (0.71, 0.79)].
Graded response model (GRM)
Graded Response Models were carried out on each factor
in the validation sample, considering item Q1 as belonging
to both factors. Table 3 shows discrimination parameters
and the total information explained by the items in each
factor. By means of the Test Information Curve, it was
observed that the five items added to the eight-item
EUROHIS-QOL provided 20.81% of the total information
corresponding to factor 1, and 58.72% of the information
corresponding to factor 2 (taking into account that itemsTable 3 Results of the WHOQOL-AGE scale analysis based
on the graded response model for each factor (n = 2994)
Items
Factor 1 Factor 2
Discrimination
parameter
Total
information
explained
(%)
Discrimination
parameter
Total
information
explained
(%)
Q1 1.544 7.95 1.398 9.71
Q2 1.977 9.66 - -
Q3 2.704 14.51 - -
Q4 3.311 19.11 - -
Q5 3.153 16.91 - -
Q6 2.635 14.24 - -
Q7 1.392 6.47 - -
Q8 2.136 11.15 - -
Q9 - - 3.190 23.85
Q10 - - 3.392 26.09
Q11 - - 3.213 24.41
Q12 - - 1.369 7.71
Q13 - - 1.377 8.22Q2 and Q8 loaded on factor 1; and items Q10, Q11, and
Q13, on factor 2).
A useful comparison between items can be performed
by plotting the Item Characteristic Curves for each cat-
egory separately. Items Q3 and Q5 were highly related,
with a correlation coefficient equal to 0.81. According
to the Item Response Category Characteristic Curves
(Figure 1), these items had a very similar effect on the
construct corresponding to the first factor. Moreover,
items Q9, Q10 and Q11 had a similar effect on the con-
struct corresponding to the second factor (Figure 2).
Mean polychoric correlation between these three items
was 0.76, with correlation coefficients among these
three items ranging from 0.72 to 0.78.
These analyses were also carried out separately in both
age groups (18–49 and 50+ years), and very similar re-
sults were found. For example, in the 50+ age group, the
five items added to the eight-item EUROHIS-QOL pro-
vided 27.87% of the total information corresponding to
factor 1, and 58.55% of the information corresponding
to factor 2. These percentages were 24.15% and 60.81%,
respectively, in the 18–49 age group.
Scoring WHOQOL-AGE
Considering the solution comprising two factors, a score
for each factor was obtained. Items with a similar per-
formance (according to the Item Response Category
Characteristic Curves) and a strong relationship between
them, were combined in the scoring method proposed.
Taking into account the similar performance of items
Q3 and Q5; of items Q9, Q10 and Q11; and the similar
loading of item Q1 on both factors, the following for-
mula was proposed to calculate a score for each factor:
F1 ¼ Q1
2
þ Q2þ Q3þ Q5
2
þ Q4þ Q6þ Q7þ Q8
ð1Þ
F2 ¼ Q1
2
þ Q9þ Q10þ Q11
3
þ Q12þ Q13 ð2Þ
Finally, to find support to obtain a global score on
WHOQOL-AGE based on the scores obtained for factor
1 and factor 2, a second-order confirmatory factor ana-
lysis was constructed over the first-order factors F1 and
F2. Adequate goodness-of-fit was found for this model:
CFI = 0.93, TLI = 0.91, RMSEA = 0.073 [90% CI = (0.069,
0.077)], BIC = 81593.19. Scores obtained in equations
(1) and (2) were transformed to the percentile scale, and
then the global score on WHOQOL-AGE was defined
as the average of these scores.
Reliability and validity
Adequate Cronbach’s alpha values were found for each
of the two latent factors (α = 0.88 for factor 1, α = 0.84
Figure 1 Item Response Category Characteristic Curves associated with items Q3 and Q5.
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http://www.hqlo.com/content/11/1/177for factor 2, α = 0.91 for the entire scale). When analyses
were performed separately for each country, Cronbach’s
alpha values were 0.82 in Finland, and 0.89 in Poland
and Spain for factor 1; and 0.77 in Finland, and 0.84 in
Poland and Spain for factor 2. For the entire scale,
Cronbach’s alpha values were 0.87 in Finland, and 0.91
in Poland and Spain.Figure 2 Item Response Category Characteristic Curves associated wiMean inter-item correlation for the WHOQOL-AGE
items in the pooled sample was 0.44 for factor 1, 0.47 for
factor 2, and 0.45 for the entire scale. In the case of
EUROHIS-QOL and the five items from the WHOQOL-
OLD short form version 1, Cronbach’s alpha values for the
pooled sample were 0.86 and 0.79, respectively. Mean
inter-item correlation was 0.46 for the EUROHIS-QOLth items Q9, Q10, and Q11.
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items.
The convergent validity of the WHOQOL-AGE was
estimated at 0.75 [95% CI = (0.73, 0.77)]. Regarding
discriminant validity, a moderate correlation was found
between WHOQOL-AGE and net affect [r = 0.35; 95%
CI = (0.31, 0.38)]. The resulting 95% CI for the difference
between these convergent and discriminant validity coeffi-
cients was (0.37, 0.44). This result suggests, with high con-
fidence, that the convergent validity coefficient considered
was markedly higher in the population than the dis-
criminant validity coefficient. Similar values for correl-
ation coefficients were found across countries (results
available from the authors upon request), with the only
exception being the correlation between WHOQOL-
AGE score and net affect, which was lower in Finland
[r = 0.21, 95% CI = (0.17, 0.26)].
In Table 4, these reliability and validity coefficients
are shown separately by age groups: 18–49 and 50+
years. These coefficients are reported for the WHOQOL-
AGE, the EUROHIS-QOL, and the five items from the
WHOQOL-OLD short form version 1. In the case of
the WHOQOL-AGE, the Cronbach’s alpha values were
α = 0.89 for factor 1 and α = 0.85 for factor 2 in the older
population; these values were, respectively, 0.86 and
0.80 in the 18–49 age group. The five items from the
WHOQOL-OLD short form version 1 that were in-
cluded in the WHOQOL-AGE questionnaire showed
lower reliability in the 18–49 age group, whereas the
Cronbach’s alpha values for the WHOQOL-AGE were
very similar, although slightly higher than for the
EUROHIS-QOL, in the older population. Moreover,
significant differences were found between healthy indi-
viduals (n = 1795) and individuals having at least oneTable 4 Reliability and validity coefficients for WHOQOL-AGE
in the 18–49 and 50+ age groups
WHOQOL-AGE
18-49 years
Cronbach’s alpha 0.89
Mean inter-item correlation 0.39
Convergent validity (CV) 0.73 (0.70, 0.76)
Discriminant validity (DV) 0.35 (0.29, 0.41)
95% CI CV-DV (0.29, 0.47)
50+ years
Cronbach’s alpha 0.92
Mean inter-item correlation 0.46
Convergent validity (CV) 0.75 (0.73, 0.77)
Discriminant validity (DV) 0.37 (0.33, 0.40)
95% CI CV-DV (0.34, 0.42)
CV = Pearson’s correlation coefficient (95% CI) with the Satisfaction With Life (SWL)
95% CI CV-DV = 95% confidence interval for the difference between the convergenchronic condition (n = 1199), with higher scores on
WHOQOL-AGE for healthy people (74.19 ± 13.21 vs.
64.29 ± 16.29, t (2992) = 18.30, p < 0.001). The effect size
associated with this difference was considerable (Hedges’
g = 0.64). Significant differences were also found in the
analysis carried out separately by countries, with effect
sizes ranging from 0.54 to 0.79. These results suggested
adequate known-groups validity.
In terms of score distributions, the observed range was
similar to the theoretical range (from 0 to 100), indicat-
ing that the measure covers the full range of the QOL
continuum, although the distribution had negative skew
(Fisher-Pearson coefficient of skewness = −0.69), indicat-
ing that most of the people reported a good QOL, as
expected, given that the study sample came from the
general population and not from clinical settings. Floor
effects were negligible (there was only one person with a
score of zero, the worst QOL), and ceiling effect was
also acceptable (1.4%). Scores on WHOQOL-AGE de-
creased as age increased, as can be seen in the table of
normative values (see Table 5). The cumulative distribu-
tion of WHOQOL-AGE scores for the 18–49 and 50+
age groups can be observed in the Figure 3, supporting
results that suggest a lower QOL for the older popula-
tion, according to their WHOQOL-AGE scores.
Discussion
The present study aimed to validate an instrument to
measure QOL in an aging population. WHOQOL-AGE
has shown good psychometric properties in Finland,
Poland, and Spain. Adequate goodness-of-fit indices
were found according to the standard recommendations
of Structural Equation Modeling literature [21-23].
These indices confirmed that the factorial structure of, EUROHIS-QOL and WHOQOL-OLD short form version 1,
EUROHIS-QOL WHOQOL-OLD
0.85 0.72
0.41 0.34
0.74 (0.71, 0.77) 0.63 (0.58, 0.67)
0.34 (0.28, 0.40) 0.36 (0.29, 0.42)
(0.31, 0.49) (0.19, 0.36)
0.87 0.80
0.46 0.44
0.76 (0.74, 0.79) 0.69 (0.67, 0.71)
0.36 (0.33, 0.40) 0.35 (0.31, 0.39)
(0.37, 0.45) (0.29, 0.37)
item; DV = Pearson’s correlation coefficient (95% CI) with the net affect score;
t and the discriminant validity coefficients.
Table 5 Normative values: WHOQOL-AGE mean estimates, standard errors (s.e.) and estimated mean scores at the
main percentiles, by age group, for Finland, Poland, and Spain
Age group n Mean (s.e.) 5th 10th 25th 50th 75th 90th 95th
Finland
18-29 114 79.50 (1.35) 56.87 62.68 72.12 81.23 88.97 93.41 97.62
30-39 128 79.89 (1.28) 61.13 63.55 72.57 80.27 88.74 95.70 98.08
40-49 235 79.03 (0.82) 56.27 63.78 72.62 79.76 87.77 94.51 96.15
50-59 439 77.02 (0.52) 56.59 62.04 70.01 78.34 85.99 92.12 94.51
60-69 482 76.83 (0.60) 54.85 61.81 70.47 77.34 85.53 92.58 95.19
70-79 266 76.80 (0.72) 58.24 62.73 70.01 77.66 83.84 90.52 93.54
80-89 163 73.18 (0.85) 56.00 61.26 68.18 74.04 80.36 87.64 90.29
90+ 18 69.10 (2.63) 39.70 60.03 64.84 70.56 75.00 83.70 83.70
Poland
18-29 407 77.45 (0.93) 54.67 63.10 71.15 78.25 86.54 92.95 98.81
30-39 349 73.97 (1.11) 53.21 57.19 67.86 75.00 80.59 88.19 94.05
40-49 274 67.17 (1.12) 43.86 51.92 60.35 68.59 75.00 83.38 85.76
50-59 1050 65.32 (0.56) 41.67 47.39 57.14 67.35 74.54 80.27 83.70
60-69 861 63.44 (0.75) 39.33 45.42 55.08 65.20 72.57 78.34 83.88
70-79 527 59.53 (0.89) 35.99 42.45 50.00 61.54 69.28 75.00 79.12
80-89 435 54.03 (1.19) 26.10 35.44 46.34 55.95 65.48 72.89 77.38
90+ 37 55.92 (2.99) 25.27 39.29 43.13 55.59 67.86 75.00 75.00
Spain
18-29 247 79.46 (1.01) 55.68 63.46 72.62 79.53 87.77 97.25 100.00
30-39 296 77.39 (0.95) 56.18 60.58 69.87 77.43 87.27 92.86 97.25
40-49 372 73.97 (0.91) 48.35 57.69 67.72 75.00 83.70 91.76 95.33
50-59 1137 72.91 (0.68) 45.33 54.81 65.93 75.00 82.14 89.93 94.14
60-69 960 72.76 (0.72) 46.47 54.44 64.97 73.81 82.01 90.11 95.33
70-79 880 70.40 (0.84) 39.79 50.00 63.64 72.99 79.12 86.54 92.58
80-89 284 66.60 (1.15) 40.38 48.90 59.25 68.32 76.65 85.44 93.41
90+ 26 66.03 (2.94) 37.64 43.73 56.23 71.43 75.73 78.34 78.34
Weighted data.
The age range of the samples was 18–97 years in Finland, 18–98 years in Poland, and 18–104 in Spain.
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loaded by items Q2 to Q8, and the other one loaded by
items Q9 to Q13, with item Q1 loading on both factors.
However, by means of a second-order confirmatory fac-
tor analysis, evidence was found supporting that these
two factors belong to a more general construct. The
similar factor structure in the population aged 18–
49 years and in the population aged 50+, the results
obtained in the pooled sample during the validation
process, and the analyses carried out separately for both
age groups, suggested that this instrument could be
employed in the population aged 18–49 in order to
compare their QOL with the older adults.
A score for each component and a global score for
WHOQOL-AGE are proposed; this method would in-
volve recombining some items before converting the
score on each factor into a percentage. Considering thatsome of the items had a similar performance, and that
item Q1 loaded equally on both factors, it was decided
that taking this into account in the scoring provides bet-
ter precision. The formula proposed is very simple, and
the score can be easily calculated. The global score for
the WHOQOL-AGE was computed, averaging the scores
previously obtained for each factor. This is the preferred
scoring method. Nonetheless, if calculating this score is
not feasible, as might happen in clinical practice, it is pos-
sible to use a simpler score, obtained by adding up the
items. All the results and normative values presented in
the present paper have been obtained using the first scor-
ing method, and therefore they cannot serve as a guideline
if the second option is used.
In terms of reliability, Cronbach’s alpha values were
higher than the recommended cut-off point of 0.70 [30],
indicating adequate internal consistency. Regarding validity,
Figure 3 Smoothed Gaussian cumulative distribution functions of the WHOQOL-AGE scores across the population aged 18–49 years
and the population aged 50 and over.
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cients were appropriate, and the difference in the magni-
tude between them was sufficiently high, also supporting
construct validity evidence [32]. In line with previous
results for EUROHIS-QOL [4], WHOQOL-AGE also
discriminates well between healthy individuals and indi-
viduals with a chronic condition, showing adequate
known-groups validity. Since the results were similar
across countries, only the general analyses, pooling the
data of the three countries, are shown (country-by-
country analyses are available from the authors upon
request).
The addition of the five items provided additional ex-
planatory variance over and above EUROHIS-QOL.
Furthermore, WHOQOL-AGE showed better reliability
than WHOQOL-OLD. EUROHIS-QOL does not include
specific questions that are relevant for older adults, and
WHOQOL-OLD has to be administered together with
WHOQOL-100 or WHOQOL-BREF, which implies that
none of the questionnaires was a short instrument ad-
equate to evaluate QOL in older adults. WHOQOL-AGE
is an instrument that fills this gap. By combining
WHOQOL-OLD and EUROHIS-QOL, it has been pos-
sible to create WHOQOL-AGE, an instrument that evalu-
ates specific areas of QOL that are relevant for older
adults, such as satisfaction with the senses, the use of time,
opportunities to achieve, intimate relationships and con-
trol, but also makes it possible to compare the QOL of the
older and younger populations. Moreover, WHOQOL-
AGE is short enough to be used when time is at apremium, so it is especially recommended for population-
based studies that are interested in measuring QOL as an
adjunct to health and functional status, as was originally
considered [1], or even when further measures of well-
being, social networks, and built environment are in-
cluded, as in the COURAGE in Europe survey.
One of the strengths of the present study is that it uses
data obtained with representative samples from three
different European countries. Even though there are no
strict standards for determining an acceptable response
rate, the response rates found in this study can be con-
sidered adequate [37] and similar to the ones found in
other general population studies recently conducted in
Europe, such as SHARE (with a global response rate for
the ten countries of 61.8%, ranging from 37.6% in
Switzerland to 73.6% in France) [9], ELSA (individual re-
sponse rate of 67%) [11] and TILDA (with a household
response rate of 62%) [12].
However, there are also limitations in the present
paper. Some participants were excluded from these ana-
lyses because they were not able to participate in the
interview; because they finalized the interview before
responding to the QOL section; or because they did not
respond to some of the items. The excluded sample was
therefore older than the included sample. The fact that
the excluded sample had also received less years of edu-
cation and was less frequently married or living with a
partner could be due to the higher age in this group.
Furthermore, although the percentage of participants
who needed a proxy was similar in the three countries,
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ple. This is due to the fact that there were more people in
Spain (8.3%) that did not respond to item Q13, which asks
about satisfaction with intimate relationships. Cultural dif-
ferences that might make this a more sensitive question in
Spain might account for the higher percentage of missing
responses on this question in Spain. Nevertheless, the per-
centage of missing values on this question is not too high,
so there is no need to consider dropping it, since it adds
valuable information that is not covered by any other
question. Only 4.3% of respondents who answered the
QOL section did not respond to at least one question on
WHOQOL-AGE. If Q13 is not considered, only 0.7% of
the sample has any missing value, which suggests that the
questions are easy to answer, indicating the instrument’s
high feasibility. Although for validation purposes the partic-
ipants who did not respond to one item were excluded, a
recommendation for future studies using the WHOQOL-
AGE questionnaire is to allow up to one missing value in
order to compute the WHOQOL-AGE score. The scores
should not be obtained if there are two or more missing
values (the syntax to calculate the scores with one missing
value is available upon request). Future studies might
consider using a proxy instrument to evaluate QOL in
older people with cognitive impairment, in order to avoid
missing valuable information concerning those people with
the worst health state.
Although the samples were representative of the
population of the three countries, in order to avoid hav-
ing small sample sizes for the oldest age groups, the
“oldest old” (people 80+) were overrepresented in the
sampling. Nevertheless, the normative values for sub-
jects 90+ involved a small sample size. Another limita-
tion is that convergent validity was assessed with a
single-item question. Although the use of single-item
measures has sometimes been discouraged, if the construct
under study is sufficiently unidimensional, single-item
measures are not necessarily inferior to multiple-item
measures [38]. Moreover, the present study did not address
the properties of WHOQOL-AGE in terms of sensitivity
to change. Further research should also explore content
validity of the WHOQOL-AGE.
Conclusions
The WHOQOL-AGE has been shown to be a short, ro-
bust instrument that can be readily implemented in popu-
lation surveys to track QOL in older adults and assess the
relationship between health, QOL and their determinants,
as well as to measure the impact of interventions. The in-
strument can also be used to compare the QOL of older
and younger adults.
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